A mong women living in Western countries, breast cancer is an important disease in terms of incidence and mortality.
(e.g., exercise, physical activity, sport) and publication type (e.g., random allocation, clinical trial). This search strategy was modified as necessary for each database; appropriate non-English language publications were not found. To locate unpublished research, we reviewed proceedings from major cancer and sports medicine meetings as well as clinical practice guidelines for breast cancer, and we searched Web sites housing clinical trial details, theses or dissertations. In addition, we hand-searched the reference lists of all potentially relevant studies and contacted experts and authors of previous studies to identify relevant articles.
Studies were considered eligible for inclusion if they were RCTs comparing exercise with a placebo, controlled comparison or standard care. For the purposes of the review, exercise was defined as a form of leisure-time physical activity that was performed on a repeated basis over an extended period of time, with the intention of improving fitness, performance or health. 15 Studies with an additional treatment arm or combined intervention (e.g., exercise with diet modification) were included only if the effects of exercise could be isolated. Exercise studies that included cancers other than breast cancer were excluded unless separate data were available for the breast cancer subgroup. Therapeutic exercise regimens addressing only specific impairments related to the shoulder, arm or both were not included. A priori, we excluded reports that were available only in abstract form.
Trials were included only if they involved women with early to later stage (Stage O-III) breast cancer or who had undergone breast cancer surgery with or without adjuvant cancer therapy. Studies were required to have as a primary outcome quality of life, cardiorespiratory fitness or physical functioning. Secondary outcomes of interest included symptoms of fatigue and body composition (body weight or body mass index [BMI] ). We also extracted data on adverse events resulting from the exercise intervention.
Two independent reviewers (MLM, KLC) screened the titles and abstracts of identified studies for eligibility. Papers deemed potentially relevant were obtained, and the full papers were reviewed for inclusion by the same 2 independent reviewers. Information on patients, methods, interventions, outcomes and adverse events were extracted from the original reports by the 2 independent reviewers onto paper forms that they had designed and pre-tested. Disagreements were resolved by consensus (MLM, KLC, KSC). The methodologic quality of each RCT was assessed using the following criteria: 1) Was there adequate concealment of allocation? 2) Was the method of randomization well described and appropriate? 3) Was the outcome assessment described as blinded? 4) Was the method of blinding of the assessment of outcomes well described and appropriate? 5) Was there a description of withdrawals and drop-outs? 6) Was the analysis intention-to-treat? 7) Were withdrawals and drop-outs less than 10%? 8) Was adherence to the exercise intervention (attendance or completion of exercise session) greater than 70%? All items were scored as positive (+), negative (-) or unclear (?). Studies were defined as being of "high quality" if they fulfilled 4 or more of the 8 quality criteria. Study results were pooled, if appropriate, using random effects models after heterogeneity among the trials was considered. For continuous outcomes, individual study mean differences were reported; pooled statistics were calculated using weighted mean differences (WMD) when data were on a uniform scale and using standardized mean differences (SMD) when data were on different scales. All results were calculated with 95% confidence intervals (CIs). The estimated effect size was calculated for outcomes that were reported in 3 or more studies. For dichotomous variables, individual and pooled statistics were calculated as odds ratios (ORs) with 95% CIs. Heterogeneity was tested using a χ 2 test that considered a p value of less than 0.10 to indicate significant heterogeneity. When heterogeneity was evident and could be explained by clinical dissimilarities, trials were not pooled.
Results
We identified 140 papers, of which 25 were considered potentially relevant. Independent review of these 25 papers led to the inclusion of 14 studies involving 717 participants. [16] [17] [18] [19] [20] 25, 26, [30] [31] [32] [34] [35] [36] [37] Study methodology varied significantly, particularly with regards to timing of the exercise intervention, the chosen exercise regimen and outcomes reported (Table 1) . Kappa statistics for agreement between the reviewers on inclusion of trials and quality score were 0.8 and 0.92 respectively.
The median score for methodologic quality of all included studies was 3, with a range of 0-8 ( Table 2) . Using a cutoff point of 4 out of 8 criteria, 4 of the 14 studies were considered high quality. 18, 19, 30, 37 The most common methodologic shortcomings in the included studies were failure to blind the outcome assessment (12 studies scored "negative" or "unclear"); inadequate method of blinding outcome assessment (12 studies scored "negative" or "unclear"); and inadequate concealment of allocation (11 studies scored "negative" or "unclear").
Three studies involving 194 patients compared exercise with usual care. 17, 18, 37 Exercise was superior to usual care for both the Functional Assessment of Cancer Therapy-General (FACT-G) and Functional Assessment of Cancer TherapyBreast (FACT-B) quality-of-life scales. Pooled data from these 3 studies demonstrated that exercise led to significant improvements in quality of life using both the FACT-G (WMD 4.58, 95% CI 0.35 to 8.8) and FACT-B (WMD 6.62, 95% CI 1.21 to 12.03) scales (Fig. 1) .
Cardiorespiratory fitness was reported as an outcome in 9 studies [17] [18] [19] [20] 25, 31, 32, 34, 37 involving 473 patients. Owing to significant heterogeneity between the 9 trials, data were not combined and are reported only by specific outcome measurement (Table 3) . Three of the studies [18] [19] [20] that reported peak oxygen consumption in mL/kg per minute from symptomlimited graded exercise tests were successfully combined. The pooled results from the 3 studies demonstrated a significant improvement in peak oxygen consumption with exercise (WMD 3.39, 95% CI 1.67 to 5.10).
Four studies 18, 20, 35, 37 monitored body weight, and 4 studies 18, 20, 34, 35 reported BMI as an outcome. The pooled results from the 4 studies monitoring body weight showed a nonsignificant reduction (WMD -0.03 kg, 95% CI -0.44 to 0.38). The individual study results, as well as the pooled results, for BMI also showed nonsignificant reductions in favour of exercise (WMD -0.02, 95% CI -0.09 to 0.05) ( Table 3) .
Four studies 17, 18, 26, 37 involving 208 patients reported physical functioning or physical well-being components of quality of life. Two 17,18 used the physical well-being subscale of the FACT quality-of-life scale, and the other 2 26,37 used the physical functioning subscale of the Medical Outcomes Trust 36-item Short Form Survey. 41 The pooled results of all 4 studies showed a statistically significant increase in physical functioning and well-being from exercise (SMD 0.84, 95% CI 0.36 to 1.32) ( studies (Fig. 2) showed that exercise significantly improved symptoms of fatigue (SMD 0.46, 95% CI 0.23 to 0.70). The pooled results from the 4 studies 16, 17, 20, 30 carried out during adjuvant cancer treatment showed a nonsignificant effect on fatigue (SMD 0.28, 95% CI -0.02 to 0.57).
Adverse events from exercise programs were reported in 4 studies. [18] [19] [20] 36 There were reports of back injury (n = 4) and shoulder tendinitis (n = 1) related to participation in the resistance exercise intervention during the first 6 months of one trial. 36 Injuries to the back (n = 4), wrist (n = 1), lower leg and ankle (n = 5) and rotator cuff (n = 1) related to study participation were also reported in months 7-12 of the same trial. In another study, shoulder tendinitis (n = 1) and a worsening of fatigue (n = 2) were reported as adverse outcomes related to study participation. 20 Cases of lymphedema occurring in exercise participants were reported in 2 studies.
18,19
There was a nonsignificant difference in the occurrence of lymphedema between exercise and control interventions in the individual studies and when data were pooled (OR 4.91, 95% CI 0.52 to 36.25) .
Interpretation
This review summarizes the best available evidence regarding the effects of exercise on quality of life and physical outcomes for breast cancer patients and survivors. Note: SD = standard deviation, HR = heart rate, QoL = quality of life, VO 2peak = peak oxygen consumption, measured using an incremental exercise test (aerobic fitness), BMI = body mass index, SSF = sum of skin folds, UE = upper extremity, LE = lower extremity, RM = repetition maximum for muscular strength, DEXA = dual-energy x-ray absorptiometry, RPE = rating of perceived exertion. Only 3 studies provided adequate data to assess quality of life. The pooled estimate showed that a statistically significant increase of greater than 4.0 points on the FACT scale represents a clinically meaningful improvement in quality of life from exercise. 42 Additionally, analyses of the physical functioning and physical well-being subscales of quality of life indicated large improvements (effect size = 0.84) from exercise.
The pooled results of 3 studies examining peak oxygen consumption from symptom-limited graded exercise testing showed an improvement of 3.39 mL/kg per minute or almost one metabolic equivalent (MET) improvement in fitness.
43
Each 1 MET increment in fitness has been found to correspond to a 12% improvement in survival in men. 43 Since cardiorespiratory fitness is an important predictor of all-cause mortality in women, 9 it is possible that an improvement of this magnitude would have similar implications in women; however, the duration of these studies was insufficient to provide firm evidence.
The pooled results of the 6 studies examining the effect of exercise on symptoms of fatigue showed a moderate-to-large effect (effect size = 0.72); however, statistically significant improvements in symptoms of fatigue were reported in only 2 studies.
18,34 Both studies examined exercise following primary cancer treatment.
18,34 During adjuvant cancer treatment, no effect of exercise on fatigue was found. The evidence suggests that exercise has a nonsignificant and potentially small effect on symptoms of fatigue for women undergoing adjuvant cancer treatment. Despite statistical nonsignificance in the 4 studies, all point estimates were in favour of exercise, which suggests the need for more research before rejecting this effect.
There was no statistically or clinically significant change in body weight or BMI as a result of the exercise trials included in this review. It is not known, however, whether positive changes in body composition occurred as a result of the exercise intervention because there was a lack of studies using direct measures of tissue and body composition. As an example, Schmitz and associates examined body composition by means of dual x-ray absorptiometry and reported positive changes in lean body mass as well as significant decreases in percent body fat in favour of the exercise intervention (Table  3) . 35 As well, Schwartz and colleagues assessed bone density of the lumbar spine using dual x-ray absorptiometry and reported that subjects participating in weight-bearing aerobic exercise had significantly less bone density loss than control subjects (Table 3) . 36 This suggests that positive changes in body composition may occur despite nonsignificant changes in body weight and BMI.
The 14 studies included in this review were of variable quality, and only 4 were considered to be of high quality. Our conclusions are tempered by this fact. Clearly, further progress must be made to improve research quality. Future trials should focus on adequate randomization, concealment of allocation and blinding of outcome assessors throughout the study.
A noteworthy feature of trials included in this review was the wide variability in study interventions. Many different exercise regimens were prescribed. The diversity in exercise prescription is not surprising, given the lack of consensus on the optimal exercise prescription for this patient population. Conversely, the wide variety in study outcomes and measurement methods is surprising. This variation precluded pooling studies and made overall conclusions regarding the relative effectiveness of exercise difficult. The short duration or complete lack of follow-up data examining the effect of exercise on quality of life and rehabilitative outcomes in the long term is also noted. Moreover, data are lacking to support the use of exercise in preventing cancer recurrence and improving overall survival. A further limitation is the nonspecificity with respect to the timing of the exercise intervention. Clinical heterogeneity was evident, particularly in trials carried out during adjuvant cancer treatment. This resulted from trials in which the participants were undergoing one of a variety of adjuvant treatments (e.g., chemotherapy, radiation therapy and hormonal therapy).
Finally, poor adverse event reporting in most of the studies limits any conclusions about the relative safety of exercise, and the small samples provide insufficient power to detect meaningful differences in rates of rare adverse events. For example, lymphedema is a potential side effect of cancer treatment and represents a barrier to exercise for some patients, 4 yet none of the included studies formally monitored for this side effect.
The evidence suggests that exercise is an effective intervention to improve quality of life, cardiorespiratory fitness, physical functioning and symptoms of fatigue in breast cancer patients and survivors. Although these preliminary results are promising, the findings are based on a relatively small number of trials with significant methodologic weaknesses. Furthermore, there is currently no evidence to support the use of exercise regimens to reduce body weight or BMI. On the basis of our findings, we make the following research recommendations: 1. Methodologically rigorous studies designed to examine different exercise regimens (e.g., moderate v. low-intensity) are needed to better understand the role of physical exercise among breast cancer patients and survivors. 2. The exercise prescription should be reported in detail (frequency, intensity, time and type of exercise) to allow for determination of exercise dose-response. To this end, adherence to exercise should be reported for both completion of exercise sessions (attendance) and exercise prescription (intensity and duration). Furthermore, monitoring of activity in the comparison group(s) is necessary to assess potential contamination. 3. Consensus is required on standardized methods of assessing physical fitness and body composition to allow for pooling of data and for comparisons across studies. 4. Future trials should formally monitor for, and report the incidence of, potential adverse events such as lymphedema. 
